Background
Introduction
In 1996, one in five American babies was born by cesarean delivery (CD). By 2009, the proportion was nearly one in three [1] . This increase generated concern because CD, while critically important in some circumstances, increases the risks of complications for both mothers and infants [2] . Mothers with CDs are at increased risk of infection, hemorrhage, other serious medical and psychological complications, and hospital readmission. Newborns born via CD are more likely to have respiratory complications and less likely to be successfully breastfed [2] .
The American College of Obstetricians and Gynecologists (ACOG) issued opinions in 2007 and 2009 intended in part to reduce unnecessary CD [3, 4] . The California Maternal Quality Care Collaborative issued a comprehensive white paper on eliminating non-medically indicated deliveries in preterm babies in 2012 [2] . Changes in hospital policies were advocated [5] , and education campaigns were launched [6] . ACOG and the Society for Maternal-Fetal Medicine issued guidelines regarding prevention of CD, noting that there was still significant concern that cesarean section was being overused [7, 8] . Despite these efforts, 31 .9% of all babies in the US were born by CD in 2016 [9] . This represents a small decline from the peak rate of 32.9% in 2009 [1] .
CD rates in the US vary by demographic factors, including maternal race and ethnicity. Rates among US Hispanic mothers have historically been lower than non-Hispanic white (NHW) rates [10] . In 2009, however, US NHW rates began to decline while Hispanic rates continued to climb, reaching 32.2% in 2013 and surpassing NHW rates that year. Since 2013, Hispanic rates have fallen slightly, plateauing at 31.7% in 2015 and 2016, while NHW rates have continued to decline to 30.9% in 2016 [11] .
Of particular concern are Hispanic women living in the US-Mexico border region, the set of 44 counties in the four states along the Mexican border (Fig 1) . Border Hispanic women have had CD rates well above those of other racial-ethnic groups in the US. In 2009, the CD rate was 37.9% among Hispanics living in the border region as compared to 31.6% among Hispanics [12] , 35.4% among non-Hispanic blacks, and 32.8% among non-Hispanic whites in the US [1] . Even among border Hispanic mothers with no prior live births, the CD rate in 2009 was 35.9% as compared to only 29.1% in the nonborder region of the border states [12] . In Texas, the disparity between border and nonborder Hispanic CD rates was even larger [13] .
The aim of this study was to perform a descriptive analysis of trends in CD in the border region that builds on earlier work by adding data from 2010-2015, a critical period during which the upward trend in CDs nationally began to decline [1] . In addition to overall CD rates, our analysis examined CD outcomes among three categories of low-risk women: nulliparous, those without a previous CD (primary CD), and those with a previous CD (repeat CD). We performed this analysis for births among both Hispanic and NHW mothers in border and nonborder counties of the four border states. We determined that, unlike NHW rates in border and nonborder counties, border and nonborder Hispanic CD rates overall did not decline after 2009. Among border Hispanics, this was largely because of static rates of repeat CDs.
Materials and methods

Study subpopulations
The source of study data was the National Vital Statistics System (NVSS) US Standard Certificate of Live Birth files, 2000 to 2015. Records in this analysis included the 16,500,652 deidentified records of births to mothers who resided and gave birth in the US-Mexico border states of Arizona, California, New Mexico, and Texas. We selected births to mothers who reported Hispanic or NHW race-ethnicity according to prescribed NVSS methods [14] . We further classified births as border or nonborder, according to whether the mother resided in one of the 44 US-Mexico border counties [15] . We separated Hispanic and NHW births into border and nonborder populations to form four study subpopulations: border Hispanic (BH), border non-Hispanic white (BNHW), nonborder Hispanic (NBH) and nonborder non-Hispanic white (NBNHW).
Definition of outcomes
The occurrence of a CD was based on the "Final route and method of delivery" checkbox field on the birth certificate. The CD rate, defined as the number of CDs per 100 live births, was determined for all births and for three low-risk pregnancy classifications. Low-risk was defined as term (gestational age !37 weeks), singleton gestation, and vertex presentation. To determine gestational age, we used the obstetric estimate or, if missing, gestational age derived from the date of the last normal menses. The 2003 revision of the birth certificate and the 1989 revision that it replaced, which were both used by border states during the study period, define vertex presentation differently [16, 17] . We classified any non-breech presentation in the 1989 revision as vertex and any "cephalic" or "other" presentation in the 2003 revision as vertex, consistent with the approach of the National Center for Health Statistics [17] .
Of the 16,500,652 births in the border states during 2000-2015, we excluded 139,258 (0.8%) non-hospital births, 21,518 (0.1%) births with unknown method of delivery, and 2,978,662 (18.1%) births that were not to Hispanic or non-Hispanic white mothers, leaving a study population of 13,361,214 births (Fig 2) . We calculated annual overall CD rates for the BH, BNHW, NBH and NBNHW subpopulations for 2000-2015.
To identify low-risk women who delivered a term, singleton infant with a vertex presentation, we first excluded three groups of births: 1,463,111 (10.9%) that were preterm or unknown 
Maternal characteristics
We characterized CDs in each ethnic-geographic subpopulation with additional maternal variables from the birth certificate files: age, education, birth country, Hispanic origin, marital status, month of first prenatal care (PNC) visit, payment source, state of residence, parity, and risk status. We recoded the month PNC began into trimesters, including women with no prenatal care in the third-trimester group. Mothers whose birth country was a US state or territory were classified as born in the US.
Unknown values for maternal characteristics such as parity and country of birth generally occurred in <1% of records. Larger proportions of missing data occurred for some variables, e.g., payment source and prenatal care trimester, because the variables either were not included on the 1989 revision of the birth certificate or were included on the 2003 revision but were not reported by the National Center for Health Statistics (NCHS).
Analysis
We compared the characteristics of BH mothers with CD to those of BNHW mothers, NBH mothers, and NBNHW mothers using chi-square tests. Statistical analyses of trends before and after 2009 were performed for CD rates overall and for low-risk births to nulliparous women using piecewise linear regression models, which incorporated two different linear trends in the rates of CD and allowed for a change in directionality in 2009. Analyses of trend for low-risk primary and low-risk repeat CD were performed using regular linear regression models, based on data from 2009 forward. We also conducted analyses of trend by age-group (<20, 20-34 and 35+) for each outcome and by state for CD overall. Parameters of both the piecewise and regular regression models were estimated using the ordinary least squares method. Trends in rates of CD and their 95% CIs were estimated from the fitted models and analyzed to identify differences among the study subpopulations. Student's t-tests were used to determine the statistical significance of the estimated trends and their differences. Annual rates presented in text and tables are observed rates rather than rates estimated from the models. All analyses were performed using SAS 9.4 (Cary, NC). This study was reviewed and approved by the Institutional Review Board at the authors' institution. The data were de-identified, so participant consent was not possible.
Results
For the years 2000-2015, the study included 4,081,469 CDs. Of these, BH, BNHW, NBH, and NBNHW accounted for 11.2%, 3.1%, 47.7% and 38.0%, respectively. In the same years, 2,961,527 (72.6%) CDs were classified as low-risk deliveries. Among low-risk CDs, 1,094,947 (37.0%) occurred among nulliparous women. For the years 2009-2015, 1,295,027 CDs were classified as low-risk. Of these, 673,355 (52.0%) were primary CDs, and 621,672 (48.0%) were repeat CDs.
All comparisons of maternal characteristics between BH mothers having CDs during 2000-2015 and the other three study subpopulations were statistically significant (p<0.0001) unless noted in table footnotes (Table 1 ). In general, Hispanic mothers having CDs in border and nonborder counties were younger, less educated, more likely to be unmarried, more likely to be on Medicaid, and less likely to be nulliparous than NHW mothers in border and nonborder counties. BH mothers having CDs, compared with NBH mothers, were more likely to receive late or no prenatal care, less likely to report any kind of insurance, and much more likely to live in Texas (65.0% BH versus 33.1% NBH in Texas). BH mothers having CDs were more likely to have early term deliveries (33.4%) and to be classified as low-risk (79.8%) than any other study subpopulation. Finally, BH mothers were more likely to have trials of labor than BNHW or NBH.
In most years between 2000 and 2015, the overall rate of CD was lowest among NBH mothers and highest among BH mothers (Fig 3) (Table 2) . By comparison, peak rates in 2009 were lower for the other three groups. After 2009, the regression lines for both NHW groups declined significantly, while those for the two Hispanic groups did not.
A similar pattern of CD rates peaking in 2009 was found among low-risk births to nulliparous women (Fig 4) . Among BH, this rate peaked at 33.2% in 2009 and declined to 31.4% in 2015. The annual rate of increase prior to 2009 was greatest among BH. Since 2009, the annual rate of decline of the low-risk nulliparous rate ranged from -0.33% in NBH to -0.58% in NBNHW ( Table 2 ). The rates of decline were not significantly different across the four subpopulations.
The analysis of low-risk primary CD was limited to the years 2009 and later, where the rate fell significantly in all four subpopulations (Fig 5, Table 2 ). BH had the highest rate in 2009, but their rate fell -0.57% per year after 2009, significantly faster than the decline for NBH.
The rate of low-risk repeat CD (Fig 6, Table 2 ) did not show a significant downward trend for BH, with an annual drop of -0.09% (p = 0.64). In contrast, the average rate of repeat CD fell significantly in the other three subpopulations, with the largest decline of -1.21% per year for BNHW.
Age-specific rates showed similar patterns for all four CD outcomes. For total and low-risk nulliparous CD, BH rates were highest in all age groups, and rates increased with age (Figs 7  and 8 ). For primary CDs, rates were highest for BH and lowest for NBH in all age groups, and rates were higher in the 35+-years age group for all subpopulations (Fig 9) . For repeat CDs, regression lines were flat for BH in all age groups (Fig 10) .
State-specific rates for all CDs revealed marked differences (Fig 11) . In Arizona, NHW rates were higher than Hispanic rates in both the border and nonborder regions, with rates for all four subpopulations <30% by 2015. In California, all rates remained between 30% and 35% after 2009, and rates were indistinguishable among the different subpopulations. In New Mexico, like Arizona, all rates were <30%, but BH rates were significantly higher than other groups after 2009. Texas had the highest state rates for BH, BNHW, and NBNHW, and rates comparable to those in California for NBH. Texas BH rates in 2015 exceeded 43%. Trends in cesarean delivery on the US-Mexico border
Discussion
In the US-Mexico border region, NHW CD rates in border and nonborder counties peaked in 2009 and declined thereafter, in line with national data. Hispanic CD rates, however, did not conform to this trend: BH rates for all outcomes were significantly higher than rates for the Trends in cesarean delivery on the US-Mexico border other three subpopulations, and overall CD rates for BH and NBH failed to decline significantly after 2009. Comparison of low-risk primary and low-risk repeat rates shows that the failure of overall CD rates among BH to decline during 2009-2015 is at least in part due to significantly and persistently higher repeat CD rates in this group. Roughly half of the low-risk BH CDs were repeat CDs. The reason for the failure of the overall CD rate among NBH women to decline significantly is not known. Previous work, which did not exclude non-hospital births, showed the BH CD rate in 2009 (37.9%) to be well above the US Hispanic rate that year (31.6%) [12] . The current study shows Trends in cesarean delivery on the US-Mexico border that the BH CD rate (38.3%) still exceeded the US Hispanic rate (31.7%) in 2015 and also exceeded the 2015 CD rates among US NHW (31.1%) and US blacks (35.5%). Similarly, the low-risk nulliparous rate in 2015 was 31.4% among BH versus 25.2% among US Hispanics, 24.8% among US NHW, and 29.7% among US blacks [18] .
Several individual-level factors might be considered as explanations for the persistently higher BH rates. First, border Hispanics represent a population in transition from the norms of Mexico to those of the United States [12] . CD rates in Mexico are higher than BH CD rates [12] . Although border and nonborder Hispanics are equally likely to be born in Mexico, the higher BH CD rate might reflect the influence of cultural norms regarding CD among women who spend more time in Mexico than other Hispanics because they obtain prenatal care, visit family, or work across the border. Second, BH might differ demographically from Hispanics in other counties. BH mothers having CDs do have higher parity than NBH, and higher parity is a CD risk, but previous analysis showed that BH rates were higher for both nulliparous and multiparous mothers [12] . The border Hispanic maternal subpopulation is somewhat younger than the other subpopulations, but CD rates are generally lower rather than higher among younger mothers, and BH CD rates are higher in all age groups. Third, the border population is disadvantaged when compared with US Hispanics [15] . However, low income and use of Medicaid are generally associated with lower CD rates [19, 20] .
Hospital and other community factors might be more likely explanations for the high BH CD rates. Border hospitals are more likely to be private, for-profit than hospitals in other counties of border states [21] , and the odds of CD are 50% higher in for-profit hospitals than in not-for-profit hospitals on the border [22] . Other reports also indicate higher CD rates in private, for-profit hospitals [23, 24] . In addition, high rates of health care spending overall, as measured by Medicare spending, correlate with high CD rates [25] . The highest rates of Medicare spending in Texas are found in some health referral regions on the border [26] , and this study shows much higher CD rates in border than in nonborder Texas counties. A previous study concluded that Texas counties were responsible for most of the BH CD rate excess [12] , and Texas accounted for 65% of the BH CDs in this study.
Border community factors, however, should arguably affect Hispanics and non-Hispanics on the border equally. Indeed, in Arizona, California, and New Mexico, the BH and BNHW rates are similar, with BH rates even lower than BNHW rates in Arizona. The ethnic disparity in border counties is almost entirely driven by the rate difference in Texas for unclear reasons.
It is also unclear why low-risk repeat CD rates failed to decline among BH but dropped significantly in the other subpopulations. Perhaps language barriers and lack of access to medical records for previous CDs in Mexico make it difficult to establish the type of uterine incision used previously and other aspects of maternal history and thereby inhibit efforts to increase vaginal births after a cesarean [27] . In addition, the availability of facilities equipped to perform trials of labor after a CD has declined recently in New Mexico [28] , and a lack of emergency surgical and anesthesia facilities might be a chronic problem in this medically underserved area. This study's strengths include the size of the study population and the fact that it is a census of all births in the border states. Consequently, this study can examine recent data on subtypes of low-risk CD, providing a first look at such CDs in the border region. The study has some limitations. First, it is a descriptive analysis of trends over time and as such does not model the contribution of individual risk factors to CD rates. Individual risk factors will be addressed in a subsequent study. Second, different birth certificate versions, using different definitions of vertex deliveries, were in use by different states during the study period. This might affect the CD categorization because low-risk births are restricted to vertex presentations. However, the National Center for Health Statistics has concluded that the national declines in low-risk CD after 2009 are not an artifact of changes in the reporting of vertex presentations [29] . Third, this analysis only includes hospital births, but non-hospital births accounted for fewer than 1% of births. Fourth, the birth certificate sometimes fails to identify risks such as breech presentation, so some high-risk CDs might have been misclassified as low-risk [30] .
Conclusions
CD rates remain much higher among border Hispanics than other US Hispanics. And no progress has been made in reducing this disparity since 2009, largely because of failure to reduce low-risk repeat CD rates. Future research into the drivers of CD disparities among border Hispanics will have to include state of residence and other contextual factors. Future research might also employ a more detailed, non-overlapping classification of CDs [31] to shed further light on the discrepancies in CD rates shown here. Reducing border CD rates will require additional interventions that address the causal factors operating in this region. Those interventions will be facilitated by additional planned analyses of patient, hospital, and community risk factors.
